Pharmacological Differences between
Co., Tokyo, Japan) with a DPS-122 isolator (NEC-Sanei Co., Tokyo, Japan), and the responses were recorded isometrically on an SP-H5P recorder (Riken Denshi Co., Tokyo, Japan) using an SD-1T force displacement transducer (Nihon Kohden Co., Tokyo, Japan).
Effects of Liu-Jun-Zi-Tang and Domperidone on Twitch Response The application of Liu-Jun-Zi-Tang was performed as follows: the medium in the bath was replaced with 0.25, 0.5 or 5 ml of Krebs-bicarbonate solution to final concentrations of 0.05, 0.1 and 1 mg/ml, respectively, with 1 mg/ml Liu-Jun-Zi-Tang, which was suspended in Krebs-bicarbonate solution for ca. 60 min at 37°C, then bubbled with 95% O 2 /5% CO 2 , and subsequently equilibrated with continuous stimulation until a stable twitch response was obtained. The replacement with Liu-Jun-Zi-Tang was done between 40 and 50 min after setting the preparation. The responses were determined every 5 min for 20 min. The effects of Liu-JunZi-Tang alone or on twitch response were assessed by percentage inhibition of the twitch contraction before Liu-JunZi-Tang.
Effects of domperidone on the twitch response was determined according to the method previously described by us. 16) Various concentrations of domperidone were added singly to a bath with a volume of 5 ml of each concentration, then equilibrated with continuous stimulation (stimulated for about 40 min) until a stable twitch response was obtained. The application of domperidone was performed between 40 and 50 min after setting the preparation. The responses were determined every 5 min for 30 min. The effect of domperidone on twitch response was assessed by the percentage inhibition of the twitch contraction preceding domperidone.
Effects of Liu-Jun-Zi-Tang and Domperidone on Concentration-Response Curve for ACh-Evoked Contraction of Basal Tension Concentration-response curves for ACh on basal tension were constructed. Each concentration of ACh was cumulatively applied in the presence and absence of Liu-Jun-Zi-Tang (0.05, 0.1, 1 mg/ml), which had been previously replaced, or domperidone (1, 10, 20, 100 mM), and added at a volume of 5 ml before 10 min, as we previously reported. 16) Effects of Liu-Jun-Zi-Tang and Domperidone on ACh-, Histamine-and Barium Chloride-Induced Basal Contraction Electrical field stimulation was stopped and ACh (10 Ϫ7 M), histamine (5ϫ10 Ϫ7 M) and barium chloride (10 Ϫ4 M), at which concentrations they induce submaximal contraction of the muscle, were added to the bath, respectively. Domperidone was added to the bath at the volume of 10 ml, and ACh, histamine and barium chloride were added in volumes of 5, 5 and 50 ml, respectively. After removal of these contractile drugs by washing the preparation, electrical field stimulation was re-started for continuous application. After a constant twitch response was obtained, Liu-Jun-ZiTang (1 mg/ml) or domperidone (2ϫ10 Ϫ5 M) was added to the bath by the method described above. After a constant twitch response was obtained in the presence of Liu-Jun-Zi-Tang or domperidone (35 min later), electrical field stimulation was stopped and the contractile drugs were again added in the presence of Liu-Jun-Zi-Tang or domperidone. The effects of domperidone or Liu-Jun-Zi-Tang on twitch response were quantified as a percentage of twitch height before and after Liu-Jun-Zi-Tang or domperidone. The effects of ACh-, histamine-and barium chloride-induced contraction were quantified as a percentage of contraction height before and after Liu-Jun-Zi-Tang or domperidone. The inhibitory effects were evaluated by comparison of each paired twitch inhibition, since the degree of twitch inhibition varies between preparations.
Statistics Values are expressed as means and standard error of the means (S.E.M.), with the number of preparations in parentheses. The significance of differences was evaluated by one-way analysis of variance with the Student's t-test for each concentration of contractile drug. Differences were considered significant at pϽ0.05.
RESULTS

Effects of
Liu-Jun-Zi-Tang on Twitch Response Typical tracings of the effects of Liu-Jun-Zi-Tang on twitch response are shown in Fig. 1 . The responses were determined every 5 min for 30 min. Liu-Jun-Zi-Tang 0.05 mg/ml did not produce any effect on the 0.1 Hz-evoked twitch response, but it dose-dependently inhibited the twitch response between concentrations of 0.1 and 1 mg/ml at respective times, and the inhibition was maximal and continued after 5 min at the highest concentration used (1 mg/ml) (Fig. 2) .
Effects of Domperidone on Twitch Response
The effects of domperidone at concentrations from 1 to 20 mM were tested on 0.1 Hz-elicited twitch responses every 5 min during a 30-min period. Domperidone had no effect at a concentration of 1 mM. When the drug was applied at higher concentrations, 2-20 mM, a concentration-dependent inhibition of the twitch responses was observed, as previously shown by us. ACh-evoked contraction was not changed, but a higher concentration (1 mg/ml) of Liu-Jun-Zi-Tang inhibited the basalcontraction caused by ACh in a non-competitive manner (Fig. 3) . Domperidone, 1 mM, did not change the concentration-response curve for ACh-evoked contraction, but at higher concentrations of 10, 20, 100 mM, domperidone inhibited the basal-contraction to ACh in a non-competitive manner, as previously shown by us. Ϫ5 M. In the presence of Liu-Jun-Zi-Tang, submaximal basal contractions induced by ACh (10 Ϫ7 M), histamine (5ϫ10 Ϫ7 M) and barium chloride (10 Ϫ4 M), were inhibited by 24, 19 and 54%, respectively (Fig. 6 white columm) . On the other hand, in the presence of domperidone at 2ϫ10 Ϫ5 M, ACh-and barium chloride-induced basal contractions were inhibited by 28 and 63%, respectively, which was not significantly different from that by Liu-Jun-Zi-Tang ( Fig.  6 left (ACh-group) and right (barium chloride-group)). However, histamine-induced contractions in the presence of domperidone were inhibited by 81%, which was significantly higher (pϽ0.01) than that in the presence of Liu-Jun-Zi-Tang (Fig. 6 middle (histamine-group) ). 
DISCUSSION
The presence of dopamine neurons in the alimentary tract is still under discussion. However, it has been demonstrated that the inhibitory effect of dopamine on gastrointestinal motility is reversed by dopamine antagonists. 7, 17, 18) Many findings also suggest that there are dopaminergic nerves and specific dopamine receptors in this tract. 6, 8, 9, 14, 19) This study was undertaken to characterize the different effects of LiuJun-Zi-Tang, a Chinese herbal medicine, and domperidone on isolated ileum, since both are clinically effective in treating functional gastrointestinal disorders such as astroesophageal reflex, gastritis, gastric atony, gastroptosis, dyspepsia, anorexia, nausea and vomiting. 2, 11) As shown in Figs. 1 and 2 , the 0.1 Hz-induced twitch response was also inhibited by 1 and 0.1 mg/ml, but not by 0.05 mg/ml, of Liu-Jun-Zi-Tang. As it is well known that the twitch response is due to acetylcholine output from coaxially stimulated myenteric neurons, 20) this finding suggests the possibility that Liu-Jun-Zi-Tang inhibits the release of ACh. Therefore, the effects of Liu-Jun-Zi-Tang on ACh-induced contraction of basal tension, an indicator of direct action on the ACh receptor, was investigated. Additionally, it has been reported by us that domperidone similarly showed inhibition of the 0.1 Hz-evoked twitch response, 16) and that the ACh-induced contraction was inhibited with non-competitive manner in the presence of 1 mg/ml Liu-Jun-Zi-Tang (Fig. 3) or domperidone, 16) although even 0.1 mg/ml Liu-Jun-Zi-Tang may inhibit the release of ACh, since the ACh-induced contraction was not influenced but the twitch response was inhibited. These findings indicate that Liu-Jun-Zi-Tang and domperidone inhibit not only the release of ACh from the cholinergic neuron but also contractile effects by various drugs on the ileal smooth muscle.
Therefore, the effect of ACh-, histamine-and barium chloride-induced contractions, which act directly on the smooth muscle, in the presence of Liu-Jun-Zi-Tang and domperidone, were investigated. ACh-, histamine-and barium chloride-induced contractions were inhibited in the presence of Liu-Jun-Zi-Tang or domperidone (Figs. 4, 5 and Fig. 6 ). However, histamine-induced contraction of basal tension in the presence of domperidone showed significantly more inhibition (81%) (Fig. 5 and Fig. 6 middle) than in the presence of Liu-Jun-Zi-Tang (19%) (Fig. 6) . These results suggest that domperidone may exert more effect on the histamine-receptor than Liu-Jun-Zi-Tang. However, the effect of ACh on cholinergic receptors, the release of ACh from the cholinergic neurone monitored by the twitch response, 20) and the direct contractile effect induced by barium chloride on smooth muscle showed no significant difference between Liu-Jun-ZiTang and domperidone, although Liu-Jun-Zi-Tang and domperidone showed the smooth muscle relaxation. 21) Since the interaction between the cholinergic, dopaminergic and histaminergic systems has not been clarified, further investigations into these subjects in vivo are needed, especially regarding the histamine-induced effects in various gastric disorders. Further investigation is also needed to identify which herbs and chemical components of Liu-Jun-Zi-Tang are responsible for these actions, since this spray-dried powdered extract is composed of 8 mixed herbs: Atractylodis lanceae rhizoma, Ginseng radix, Pinelliae tuber, Hoelen, Zizyphi fructus, Aurantil nobilis percarpium, Glycyrrhizae radix and Zingiberis rhizoma. It is very difficult to directly compare the action of crude extract blends of several plants in mg/ml with the action of pure compound domperidone at a micromolar level, since they also very frequently cause non-specific pharmacological action characterized by a non-competitive action in relation to several agonist-mediated contractions in smooth muscles. Additionally, it is very difficult to know which drug is most responsible for an effect if the drug has complex actions. However, it is possible to make the comparison of the contractile response between the agonists, histamine, acetylcholine in this study. The comparison of each contractile response of agonists at the concentration which induces the equivalent level of contraction between agonists in non-treatment, could be practiced under the equivalent inhibitory level of the twitch response via acetylcholine by Liu-Jun-Zi-Tang and domperidone, even if both inhibit the release of acetylcholine from the cholinergic nerve. And it could be easily recognized which agonist is more potent for Liu-Jun-Zi-Tang or domperidone, even if they contained non-specific responses and the crude extracts of plants have many impurities in addition to the presence of several chemical constituents. It is also possible to directly compare the action of crude extract blends of several plants in mg/ml with the action of a pure compound domperidone at a micromolar level.
Another way to assess the action of a crude extract may be to evaluate the pharmacological response in vivo or in vitro mediated by a selective agonist receptor. However, it is very difficult or impossible to find such preparations or responses.
In this experiment, from the viewpoints of their similarlity of clinical use to treat various gastritis, Liu-Jun-Zi-Tang and domperidone were selected. Other dopamine D2-receptor antagonists were not examined. However, a dopamine D2-receptor antagonist may show a similar effect to domperidone, since metoclopramide, a D2 antagonist, is also clinically effective in the treatment of various gastritis, and experimentally reverses the inhibition of gastric emptying induced by N-nitro-L-arginine, although metoclopramide has actions of a 5-HT3 receptor antagonist and 5-HT4 agonist effects. 22) It is well known that various actions of Liu-Jun-Zi-Tang are developed via a NO system. 21, 22) However, it is reported that one of the components, which reverses the gastric emptying, of Liu-Jun-Zi-Tang may reverse the gastric emptying not via the process of NO synthesis. 22) These results suggest that Liu-Jun-Zi-Tang may have a component of dopamine antagonist-like effects.
It is generally known that dopaminergic neurons inhibit the cholinergic neuron activity, and that dopamine D2-receptor antagonists remove this inhibition. 18) Therefore, Liu-JunZi-Tang may have both a dopamine antagonistic-effect and the reverse effect of decreased cholinergic neuronal activity via NO, which is different from domperidone. Further investigations are needed to study the interaction between these receptors, including the subject of whether or not these effects are reversed by a dopamine agonist.
Both Liu-Jun-Zi-Tang and domperidone inhibited the contraction of histamine. However, the interactions between another neuron and receptor, especially a histaminergic system, are unclear, unlike the interaction between the cholinergic and dopaminergic system. However, the present study shows that Liu-Jun-Zi-Tang and domperidone inhibit ACh, histamine and barium chloride-induced contraction, although the level of inhibition is different (Figs. 5, 6 ). These results suggest that neither drug affects a single active site or neuron. Therefore, it is suggested that domperidone affects the histaminergic system as a side effect, may be useful in the treatment of histamine-induced disorders in various gastritis. And, Liu-Jun-Zi-Tang, more than domperidone, may clinically be a mild and useful drug for the treatment of the gastritis, without side effect on the histaminergic system, if the effect of domperidone on the histaminergic system is a side effect.
In conclusion, our findings reflect the different characteristics of action between Liu-Jun-Zi-Tang and domperidone: both inhibit the ACh-, histamine-and barium chloride-induced contractions. Especially, domperidone inhibited histamine-induced contraction more strongly than Liu-Jun-ZiTang, although both are clinically effective in the treatment of various gastritis. These effects might be considered when domperidone is used for the treatment of patients with functional gastrointestinal disorders.
